Rice bran, a by-product of the rice industry, is available for animal feeds. However, it has not been a common part of poultry rations in Argentina. Hydrolytic and oxidative rancidity development, phytate content, enzyme inhibitor, and high fiber content are the most important antinutritive factors cited as limiting factors for its use. An experiment utilizing 1-d-old male broiler chicks was conducted to determine the responses of zootechnical and bone mineralization parameters to diets with different concentrations of rice bran. The feed conversion and tibia ash were more sensitive than weight gain to detect antinutritive factors in rice bran. High concentrations of rice bran (in excess of 20%) produced a significant reduction in body weight. Furthermore, feed conversion and bone mineralization variables were impaired by feeding 10% rice bran diets. The adverse effects of rice bran on weight gain, feed conversion, and mineralization in the current studies suggest that rice bran should be included in broiler diets at a level between 10 and 20% if strategies are not used to decrease the antinutritive activity.
DESCRIPTION OF PROBLEM
In a 5-yr period (1995 to 2000) Argentina produced an average of 1.11 million tons of rice annually. Rice bran constitutes about 10% of the weight of rough rice; therefore, 100,000 tons annually were available to be used in animal feeds. Rice bran has a high level of some important nutrients: it is rich in protein, lipids, vitamins B and E, and trace minerals [1, 2] . Rice bran compares favorably with other cereal brans in amino acid composition [3] . 1 To whom correspondence should be addressed: airazusta@alimental.com.
The potential for rice bran as a feedstuff has long been recognized, but rice bran has not used as a common ingredient of poultry rations in Argentina. Without any substantial basis it was used up to 12%. Hydrolytic and oxidative rancidity development, phytate content, enzyme inhibitor, and high fiber content are the most important antinutritive factors cited as limiting factors for its use [4, 5, 6] . The objective of the present study was to determine the responses of performance and bone mineralization in broiler chicks grown on different concentrations of rice bran. 
MATERIALS AND METHODS
Three hundred fifty, 1-d-old male broiler chicks [7] were housed in electrically heated, raised wire-floored batteries. Broilers were provided feed ad libitum and were maintained on a 24-h lighting schedule. Ten replicate pens, each containing 7 chicks, were assigned at random to 5 treatments.
Traits Measured
Individual pen bird weight and feed consumption were recorded weekly. On d 21, 3 chicks from each pen were selected at random and euthanized by cervical dislocation, and right tibias were removed. On d 40, 1 bird from each pen with a body weight comparable to the pen average weight was selected. These birds were slaughtered, and the right tibias and middle toes were removed. The tibias were boiled for 2 min, after the surrounding meat and cartilaginous caps were removed, and the length was measured. The bones were dried in a forced-air oven for 24 h at 105°C and weighed. Tibias from 3 of the broilers from each pen were pooled. All tibias were ether extracted for 12 h extraction before ashing in a muffle furnace at 480°C for 16 h. The toes were severed between third and second metatarsal bone, without removing either nail or skin and were cleaned with water, dried, and ashed. Toe and tibia ashes were expressed as a percentage of dry bone weight. At the end of the experiment (40 d), 2 broilers with body weights comparable to the average pen weight of control and birds on 40% rice bran treatments were killed. Stomachs, intestine, pancreas, and liver with gallbladder were removed, washed, and weighed. Mortality was determined daily. Feed intake and conversion were adjusted for mortality.
Dietary Treatments
Diets were formulated on a total amino acid basis to meet or exceed all NRC [8] nutrient recommendations. All diets were isocaloric, isonitrogenous, and isoaminoacidic (Tables 1  and 2 ). Diets were given as a starter, from 0 to 21 d of age, and as a grower, from 22 to 40 d of age. Starter diets were crumbled, and other diets were pelleted. Rice bran was collected from a commercial mill 24 h before mixing the diets (Table 3) . Five treatments were used: control cornsoybean diet (0 to
Diets were analyzed for DM, N, ash, crude fiber, and ether extract according to the procedure of the AOAC [9] . Metabolizable energy values were calculated according to the method of Sibbald, [10, 11] (Table 4) . Free fatty acids (FFA) and peroxide value of diets were determined at the beginning of the experiment [9] and the termination of each period [12] (Table  5 ). Data were analyzed by ANOVA procedure using the SAS package [13] . Pen was used as the experimental unit. Means different at the 5% level of probability were separated by using Duncan's multiple range test. All percentage data were converted to arc sin square root transformation prior to analysis.
RESULTS AND DISCUSSION

FFA and Rancidity
The FFA content of the oil in rice bran diets increased in the course of time; however, the rancidity (peroxide value) was low throughout the experiment. The excellent resistance of rice bran oil to oxidation is thought to be due not only to the tocopherol content but also to the ester of ferulic acid [14] .
Mortality
Broiler chicks grew normally, and mortality was not related to dietary treatments. Mortality was 1.14% from 0 to 21 d and 15% from 22 d to the end of the experiment.
Broiler Performance
Weight gains were clearly affected by dietary treatment. At 21 d of age, the diets with rice bran had significantly poorer growth than the control diet. However, 1 wk later, birds fed the 10 and 20% rice bran diets had weight gains similar to control, whereas levels higher than 20% rice bran inclusion produced less growth than control birds. At the end of the experiment, the 30 and 40% rice bran diets significantly reduced weight gains (3.6 and 8%, respectively, Table 6 ).
Birds fed the control diet consumed significantly more feed than birds fed diets with rice bran until 21 d of age. From 28 d of age to the end of the experiment, differences in feed intake were reduced and became similar for all treatments at 40 d of age (Table 7) . The high FFA levels in rice bran diets did not affect feed intake. The oxidative rancidity values were very low throughout the experiment. Feed utilization was not affected by dietary treatments to 21 d of age. Beginning at 35 d of age, feed conversion was higher for birds fed the 40% diet, and at 40 d was higher for the 20, 30, and 40% diets. Birds receiving the 10% diet had the lowest feed conversion starting at 28 d of age (Table 8) .
Mineralization Parameters
Tibia weights were significantly lower in the treatments with rice bran than control treatment at 21 d of age. At 40 d of age, only the treatment with 40% rice bran was significantly lower than control (Tables 9 and 10) .
Tibia weights, when expressed as a percentage of live body weights, were not significantly affected by dietary treatment. This lack of difference can possibly be explained by differ- Means within the same column with no common superscripts differ significantly (P < 0.05).
ences in growth rate. The tibia length was not significantly different among the treatments at 21 or 40 d of age. The percentage tibia ash of chicks at 21 d of age was not different (P < 0.05) among the treatments At 40 d of age, however, the level of rice bran inclusion did affect bone mineralization. Only birds fed a 10% rice bran diet had mineralization similar to birds fed the control diet. The short duration of the experiment possibly reduced the chances of a large mineral deficiency.
Although the toe and tibia ash percentages were correlated (R = 0.397; P < 0.05) the Rvalue is relatively low. Accordingly, the percentage of toe ash was not meaningfully affected by the level of rice bran in the diets (Table 10 ). The tibia ash seemed to be more sensitive to changes in dietary treatment than toe ash. Analogous findings have also been reported in previous trials [15] . Means within the same column with no common superscripts differ significantly (P < 0.05). Means within the same column with no common superscripts differ significantly (P < 0.05). Means within the same column with no common superscripts differ significantly (P < 0.05). Means within the same column with no common superscripts differ significantly; test of Duncan (P < 0.05).
In general, percentage tibia ash was reduced at higher rice bran levels. This finding indicates that the actual available phosphorus of the diets was lower than was estimated. Available phosphorus value from rice bran used was 30% of total rice bran phosphorus. Although the phosphorus availability ranges from 30 to 40% from plant sources, Belyea et al. [16] determined, in young poults, only 9% availability of phosphorus from rice bran. Phytate and fiber can interfere with mineral digestibility and retention; however, the relative importance of these 2 factors in the nutrition of nonruminant animals is an ongoing debate [17] .
Organs
Pancreas and intestine weights of birds fed the control diet were significantly lighter than CONCLUSIONS AND APPLICATIONS 1 . Concentrations of rice bran in excess of 20% in the diet produced significant reductions of body weight. Furthermore, feed conversion and tibia ash were impaired with diets containing more than 10% of rice bran. The feed conversion and tibia ash were more sensitive than weight gain for detecting antinutritive factors in rice bran. 2. Broilers fed a diet with 40% rice bran had higher pancreas and intestine weights than controls, suggesting the presence of other antinutritive factors in addition to phytate. The adverse effects of rice bran on weight gain, feed conversion, and mineralization found here suggest that rice bran should be included in broiler diets at levels between 10 and 20% if strategies are not used to decrease the antinutritive activity.
